Copper is a metal of prime environmental concern. For the determination of trace elements in aquatic systems, such as rivers, lakes, and sediments, voltammetric techniques are very suitable, owing to their high sensitivity, simplicity and because only a very simple pretreatment of the sample is required. 1 The application of voltammetric techniques in the determination of trace copper has been reviewed. 2 Of these methods, anodic stripping voltammetry on a hanging mercurydrop electrode (HMDE) has gained wide acceptance for copper determination. 3 The disadvantages of this method have also been reviewed. 4 To solve the disadvantages of anodic stripping voltammetry for copper determination, an organic ligand was used to complex with copper(II) with adsorptive property rather than an electrolytic accumulation on the surface of the electrode. A number of studies on the use of AdSV for the determination of copper have been reported 4 and compared. These methods present advantages and disadvantages in relation to the sensitivity, selectivity, and resolution of the adsorptive stripping peak current. Although Ertas et al. 5 used imidazol as a new reagent for the determination of copper by adsorption stripping voltammetry, they did not study the influence of potential interfering ions, and did not use the method for the analysis of synthetic or real samples.
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In this paper, a method for the adsorptive voltammetry determination of copper is presented. This method is based on the effective accumulation of copper(II) complex with 2-mercaptobenzimidazole on a hanging mercury drop electrode, followed by reduction.
Experimental

Apparatus
Voltammetric measurements were made using an EG&G Princeton Applied Research (PAR) Model 384B. A onecompartment electrochemical cell (EG&G, Model 303A) containing three electrodes, a medium-size hanging mercurydrop electrode (HMDE) with a surface area of 1.8 mm 2 as a working electrode, a platinum wire as a counter electrode and an Ag/AgCl saturated with KCl as a reference electrode was used. All reported potentials were referenced to the Ag/AgCl electrode. Solutions were deoxygenated with high-purity nitrogen for 4 min prior to each experiment. A Perkin-Elmer 2380 atomic absorption spectrometer was used for atomicabsorption measurements. A pH-meter, Schott CG 825, was used to measure the pH of the buffer solutions.
Reagents and chemicals
All solutions were prepared with triply distilled water. All glassware was stocked in 6 M HNO3 and carefully cleaned before use to avoid contamination. All chemicals were of analytical reagent grade from Aldrich or Merck.
Stock solutions of 2-mercaptobenzimidazole 0.1% w/v in mixed solvents of 1:1 water and ethanol were freshly prepared every 10 days.
A stock solution of copper(II) (1000 µg/ml) was prepared by dissolving 1.000 g of metallic copper in nitric acid and diluting to 1.0 L. More dilute solutions were prepared by diluting the solution with water. A Britton Robinson buffer was prepared by dissolving boric acid, orthophosphoric acid and glacial acetic acid in water and diluting to 1.0 L. Appropriate volumes of this solution were adjusted to the required pH with a sodium hydroxide solution. 
Recommended procedure
A 10-ml volume of a supporting electrolyte solution containing a phosphate buffer solution, (0.10 M, pH = 5.0), and 5.35 × 10 -5 M 2-mercaptobenzimiazol was pipetted into the cell and purged with nitrogen gas for 4 min. After forming a new HMDE, the accumulation was affected for 90 s at -0.10 V whilst stripping the solution. At the end of the accumulation time, the stirrer was switched off, and 5 s elapsed to allow the solution to become quiescent. The potential was then scanned in the negative direction from -0.10 to -0.60 V vs. Ag/AgCl electrode by differential pulse stripping voltammetry with a scan rate of 16 mV/s. The produced peak current was labeled as Ip,b. After the background (blank) voltammogram has been obtained, aliquots of the copper(II) solution were introduced into the cell while maintaining a nitrogen atmosphere over the solution. The potential was then scanned as described above. The current amplitude was labeled as Ip,s. Calibration graphs were prepared by plotting the net peak current (∆Ip = Ip,s -Ip,b) against the copper(II) concentration. All data were obtained at room temperature.
Results and Discussion
Preliminary experiments were carried out to identify the general features, which characterize the behavior of the copper(II)-mercaptobenzimidazol system on a mercury electrode. Figure 1 shows stripping voltammograms for the ligand-buffer, copper(II)-buffer, and copper(II)-ligand-buffer system at between -0.10 and -0.60 V vs. Ag/AgCl on a HMDE. As can be seen, no obvious current peaks are observable between -0.20 to -1.10 V for the blank solution, whereas as indicated in Fig.  1(c) , with the addition of a small amount of copper(II), a cathodic peak located at about -0.4 V was obtained. The influences of the potential scan rate on the current and on the potential of the adsorbed copper(II)-ligand system showed a shift of the peak potential with the scan rate. This phenomenon indicates some irreversibility of the redox process, which is also characterized by stronger separation of the cathodic and anodic peaks. These characteristics are due to the adsorption of the reactants at the surface of electrode, [6] [7] [8] indicating an effective interfacial accumulation of the copper-ligand complex at the electrode surface.
In order to obtain some information about the reactant and products, electrolysis was used. The working electrode was a mercury pool. Electrolysis was performed at a constant potential of -0.50 V. After the reduction peak current of the copper-ligand complex had dropped down to zero, a defined amount of copper(II) was added to the cell. By using cathodic adsorption stripping voltammetry, the peak corresponding to the reduction of copper-ligand was obtained again. The same electrolysis experiment was performed and after completion of electrolysis a defined amount of the ligand was added to the solution. In this case, no peak current was obtained in adsorptive stripping voltammetry. The above studies indicate that the reactant was copper(II) in the copper-ligand complex.
The peak current increased along with increasing accumulation time, showing evidence for the adsorptive nature of the complex. In addition, small amounts of surfactants, such as Triton X-100 and sodium dodecyl sulfate, strongly suppressed the peak current. These two phenomena indicate that the complex was strongly adsorbed on the mercury electrode surface.
Effect of variables
The influence of the experimental parameters, such as pH, ligand concentration, accumulation potential and time, and scan rate, in AdSV were studied at room temperature with 50.0 ng/ml copper(II).
Preliminary experiments showed that with many types of buffers, such as phosphate, Briton Robinson, and acetate buffer, the peak current and shapes were improved in the presence of a phosphate buffer. This was due to the fact that acetate ions 610 ANALYTICAL SCIENCES MAY 2001, VOL. 17 form a complex with copper(II). 9 The influence of the pH on the peak current was studied in the pH range 2 -7 (0.10 M phosphate buffer). Figure 2 shows that the peak current increased with increasing pH up to 4.5, remained constant in the pH range 4.5 -5.5, and then decreased. This was due to the increasing complex formation of copper(II) with the ligand at the electrode surface with increasing pH to 5.5. At higher pH values, one would expect the precipitation of copper(II) as Cu(OH)2. In addition, the influence of the phosphate buffer concentration (0.05 to 0.50 M) was also studied while keeping the pH at 5.0. The results show that a change in the concentration did not affect the peak current. Therefore, a phosphate buffer, with a pH of 5.0 was selected as the optimum pH for the study.
The influence of the 2-mercaptobenzimidazole concentration on the peak current was studied at a pH of 5.0 for the range 6.6 × 10 -6 -1.3 × 10 -4 M. Figure 3 shows that the peak current increased with increasing ligand concentration up to 5.30 × 10 -5 M, leveled off at higher concentrations.
An optimum concentration of 5.35 × 10 -5 M was selected for further experiments.
The dependence of the peak current on the accumulation potential was examined over the potential range of +0.20 to -0.80 V. Figure 4 shows that the peak current increased while changing the potential from +0.20 to -0.10 V, whereas, the peak current decreased for higher negative potential values. This can be explained as the result of a reduction of the copper complex at these potentials. An accumulation potential of -0.10 V vs. Ag/AgCl was selected for the study. Figure 5 shows the dependence of the peak current on the accumulation time. The peak current significantly improved with increasing accumulation time, indicating an enhancement of the copper ion concentration at the electrode surface. A deposition time of 90 s was used to determine copper(II) as a compromise between the sensitivity and time of analysis, to increase the selectivity in the presence of other possibly interfering cations. The scan rate was varied from 2 to 25 mV/s. Figure 6 shows that the peak current increased with increasing the scan rate to 16 mV/s; after that the peak current decreased. Therefore, 16 mV/s was selected for further studies.
For the calibration curve, detection limit and precision under the optimum conditions described above, the response was linear over the concentration range of 0.2 -100 ng/ml with a correlation equation of ∆Ip (µA) = 2.53 × 10 -3 + 5.75 × 10 -3 CCu (ppb), (r = 0.9997, n = 7) where ∆Ip is the net peak current and CCu is the copper(II) concentration.
The detection limit (three times signal to noise) was found to be 0.1 ng/ml. For ten-succession determinations of 1.0, 20, and 70.0 ng/ml copper(II), relative standard deviations of 4.2, 3.5, 2.8%, respectively, were obtained.
Effect of other ions
The influence of other ions, present in the sample solutions, on the current response of copper(II) is shown in Table 1 . Most of the ions studied did not have any effect on the determination of copper(II), even up to a 1500-fold excess with respect to copper(II). Only halide ions, such as I -and Br -interfered at 10-fold excess. These interferences can be removed by first adding of 6 M HNO3 to the solution, then boiling and cooling the solution before an analysis. 10 
Analytical application
The utility of the developed method for copper determination was tested by the determination of copper in different analytical-grade salts (Table 2 ) and river water (Table 3) using the recommended procedure. The concentration of copper in river water was determined by the standard-addition method. Solutions of known concentration of copper(II) were added to the water samples. Three determinations were made on each addition. The results show good agreement with the value obtained by the standard method.
For the determination of copper in alloy samples, a 0.1 -0.5 g sample of the alloy was dissolved in 10 ml of nitric acid by heating on a low flame. After cooling the solution, a 5-ml volume of hydrogen peroxide (30% v/v) was added and the excess decomposed by heating on a water bath. The solution was evaporated to dryness, residue extracted with distilled water, filtered to remove any insoluble components of the alloy and diluted to the mark in a calibrated flask. Working solutions were prepared by taking a suitable aliquot of the sample solution. Appropriate amounts of 2-mercaptobenzimidazole and buffer were added and the copper ion concentration in sample solution was determined by the recommended procedure. The results obtained by the proposed method are found to be in good agreement with those obtained by AAS (Table 3) .
The adsorptive stripping voltammetric method described here is suitable for determining low copper concentrations in real samples, such as water and an alloy. It is an inexpensive and convenient alternative to the very expensive ICP-AES 11 and neutron activation 12 analysis. The detection limit of the method is much lower than that for flame AAS. Table 3 
